Introduction
The 2017 fourth edition of the World Health Organization Classification of Tumours of the Head and Neck, specifically as it relates to the ear (Chapter 9), has several changes [1] . Significantly, the number of entities has been reduced by omitting tumors or lesions when they do not occur exclusively or predominantly at this site or if they are discussed in detail elsewhere in the book. New entries include otosclerosis and cholesteatoma, while refinements to nomenclature, classification and criteria were incorporated into the ceruminous gland tumors and epithelial tumors of the middle and inner ear. Specifically, lesions of the middle and inner ear were combined, as practical limitations of origin and imaging make a definitive separation artificial. The classification reflects the state of current understanding for these uncommon entities, with this update only highlighting selected entities that were the most significantly changed. The discussion will be separated into external auditory canal and middle and inner ear lesions.
Tumours of the External Auditory Canal Squamous Cell Carcinoma
Squamous cell carcinoma (SCC) of the external auditory canal (EAC) was contrasted to the external ear (pinna), the latter removed from this edition [2] . EAC SCCs are rare, affecting only about 1 in a million population per year, showing a female predominance, distinctly different from pinna tumors which are more common in men [3] [4] [5] . Chronic inflammation (otitis media or externa) and radiation treatment specifically for nasopharyngeal tumors, are considered in the etiology for EAC SCCs, quite different 1 3 from sun exposure or frostbite in the development of pinna carcinomas [6] [7] [8] . Rarely, transformation from papilloma into carcinoma may be seen [9] . Pain, otitis (externa or media), and hearing changes bring the patients to seek clinical attention, with nerve symptoms late in the disease course [10] [11] [12] . The tumors will frequently completely occlude the EAC lumen (Fig. 1) , extending through the tympanic membrane and surrounding soft tissues. The histologic features of SCC are identical to other sites, showing cohesive pleomorphic neoplastic cells bound by intercellular bridges, containing keratin pearls and dyskeratotic cells, and easily identified mitoses (Fig. 2) . Spindle cell SCC (Fig. 2) , verrucous SCC and acantholytic patterns may be seen [3, 11, 13, 14] . EAC SCCs are more biologically aggressive than pinna tumors, showing a high frequency of local recurrence and lymph node metastases [3, 5, 8, 13] .
Ceruminous Neoplasms
The ceruminous glands of the outer one-third to one-half of the EAC are modified apocrine sweat glands, with yellow-brown lipofuscin-like ceroid pigment granules, that combine with secretions to create ear wax. Tumors of these glands show a dual population of a basal, myoepithelial layer surrounding inner luminal secretory cells. The tumors are separated into adenomas [15] and adenocarcinomas [16] .
Ceruminous Adenocarcinoma
The malignant tumors of the EAC ceruminous glands are separated into three types, based on specific histologic features: ceruminous adenocarcinoma, ceruminous adenoid cystic carcinoma, and ceruminous mucoepidermoid carcinoma [16, 17] . Carcinomas are rare, affecting middle aged women more often than men, and presenting with pain, hearing loss and tinnitus [17] [18] [19] . Imaging studies should be performed to define the extent of the tumor (Fig. 3) , while also excluding direct extension from a parotid gland or nasopharynx salivary gland primary. Due to anatomic restraints, the tumors are often small (1.4 cm) at presentation. The unencapsulated tumors invade into adjacent tissues, including bone. Ceruminous adenocarcinoma show an apocrine glandular neoplasm with easily identified pleomorphism, single cell infiltration, perineural invasion and comedonecrosis (Fig. 4) . Increased mitoses and absent ceroid pigment granules are hallmarks of adenocarcinoma. Ceruminous adenoid cystic carcinoma (Fig. 4) and mucoepidermoid carcinoma are histologically indistinguishable from salivary gland primaries, and thus imaging or intraoperative exclusion of a salivary gland primary are necessary [17, 20, 21] . The biphasic composition of the tumors can be highlighted with luminal CK7 and CD117 immunoreactivity, while the basal cells are highlighted by p63, S100 protein and CK5/6 [17, 22, 23] .
Recurrences are common, especially if there are positive surgical margins or high grade histologic features, with death often a consequence of local destruction of vital structures.
Ceruminous Adenoma
The benign tumors of the EAC ceruminous glands are separated into three types, based on specific histologic features: ceruminous adenoma, ceruminous pleomorphic adenoma, and ceruminous syringocystadenoma papilliferum [15, 24] . Adenomas are also rare, presenting in middle aged patients without a sex difference [25] [26] [27] . A mass of the posterior wall of the EAC is common, while hearing changes or tinnitus are less frequent symptoms. Tumors are small, nonulcerating, superficial masses, frequently fragmented during removal. Bone and middle ear extension is not seen. While circumscribed, they are not encapsulated neoplasms, often involving but not originating from the surface epithelium (Fig. 5) . A dense, sclerotic background fibrosis separates the bilayered apocrine glandular proliferation into moderately cellular cystic-glandular structures [24] . The inner luminal cells show decapitation apocrine blebs of granular, eosinophilic cytoplasm. The yellow-brown pigment granules are seen in the cytoplasm of adenomas (Fig. 5) . A myoepithelial layer surrounds the luminal cells. Ceruminous pleomorphic adenoma (Fig. 6 ) is identical to salivary gland or cutaneous primaries (chondroid syringoma), requiring careful exclusion of extension from a parotid gland primary. Ceruminous syringocystadenoma papilliferum has papillary projections of cuboidal-columnar cells associated with a rich, dense plasmacytic infiltrate (Fig. 6) . Immunohistochemistry studies highlight the biphasic epithelial and myoepithelial populations [22, 24] . Complete excision is curative, although recurrences may be seen when incompletely excised.
Entities Excluded
A number of entities were removed from this section, including embryonal rhabdomyosarcoma, osteoma, exostosis, angiolymphoid hyperplasia with eosinophilia, Kimura disease, fibrous dysplasia, idiopathic pseudocystic chondromalacia, and chondrodermatitis nodularis chronica helicis. Several of these lesions are not neoplastic conditions, but had been included as part of the differential diagnostic considerations for the external ear tumors. The neoplastic conditions are covered in greater detail in other sections of the book.
Tumours of the Middle and Inner Ear
Squamous cell carcinoma may develop from the middle ear epithelium, although considered a very rare event. Meningioma, vestibular or acoustic neuroma (schwannoma), and middle ear adenoma, all included updated demographic and clinical information, but were otherwise not significantly changed. Although included in the previous edition, cholesteatoma was not actually cited in the index, with updates included in the current edition. The various papillary tumors of the middle and inner ear were better defined, as discussed below.
Aggressive Papillary Tumour
This tumor type was included in the previous edition, but the separation and distinction from endolymphatic sac tumor was further elaborated on in this edition [28] . This tumor is an intermediate grade neoplasm, showing locally aggressive (invasive) behavior, composed of non-stratified epithelium. The tumor is very rare, presenting most often in young female patients (mean, 34 years), who often have symptoms for years. The tumor arises within the middle ear, but expands beyond this space into adjacent structures, which is why separation from endolymphatic sac tumor of the inner ear is difficult [29] [30] [31] [32] [33] [34] [35] . Patients present with hearing changes, showing a middle ear cavity filled with a papillary tumor that shows bone invasion. The tumor is arranged in a papillary architecture, showing complex interdigitating papillae lined by cuboidal-columnar epithelial cells (Fig. 7) . Pleomorphism is limited, with luminal secretions sometimes noted [36] . In spite of the uncertainty about the exact point of origin, this tumor is more aggressive than either middle ear adenoma or endolymphatic sac tumor, and may respond to targeted molecular therapy [29, 37] .
Endolymphatic Sac Tumor
The endolymphatic sac tumor (ELST) is a low grade papillary epithelial neoplasm [38] that arises from within the endolymphatic sac or duct [39] , showing a very high association with von Hippel-Lindau syndrome (VHL) [40] [41] [42] . The tumor is intermediate between a benign and malignant neoplasm, but lacking metastatic potential. About 10-15% of VHL patients develop ELST, with about 30% of these patients showing bilateral tumors [43, 44] . Without a sex difference, patients are usually in their early 30s to 40s at presentation. Symptoms consist of ipsilateral hearing loss, tinnitus and vestibular dysfunction. It is important to identify signs of VHL at other anatomic sites during evaluation for ELST. Imaging studies are imperative to document the extent of disease and plan surgery. Tumors are often large, expanding into the posterior cranial fossa. Bone "invasion" is common, with the tumor arranged in a cystically-dilated cavity as coarse, interdigitating, papillary projections (Fig. 8) . Fibrovascular cores support a single epithelial layer of cuboidal-columnar cells that often have cleared to eosinophilic cytoplasm. The nuclei are round to oval, lacking pleomorphism [39, 40, 44] . Secretions may be seen, resembling thyroid gland follicles (Fig. 8) . Tumor cells lack CD10, TTF1 and thyroglobulin, while showing pancytokeratin, CK7, EMA and weak S100 protein immunoreactivity. Germline mutations of the VHL tumor suppressor gene are usually detected, although not in sporadic cases. Surgery, while it may be curative, has significant morbidity. Radiation may be used in combination with surgery or as stand alone therapy [42, 45] .
Otosclerosis
Otosclerosis is a poorly understood disorder of bone remodelling and collagen synthesis developing in the otic capsule [46] , recently shown to behave as a low grade neoplasm, with invasion of pre-existing structures of the cochlear and vestibular otic capsule, and continuing to expand throughout life [47] [48] [49] [50] . Otosclerosis is rare (3/1000 population), but differentially expressed in Caucasians much more so than Asians and Africans [50, 51] . When patients present with hearing loss, especially conductive hearing loss, up to 22% show otosclerosis [48, 51, 52] . As such, hearing loss usually develops in the 3rd to 5th decades, with females affected more often than males (3:1), usually presenting with bilateral and symmetrical disease. The bony plaque develops within the otic capsule posterior to the (Fig. 9) , expanding into the stapes footplate, and then broadly in all directions [50, 53] . Seldom biopsied, the characteristic findings are often seen at autopsy. Histologically, there is a well defined tumor-like mass of immature trabecular bone within a richly vascularized stroma within the otic capsule, variably cellular depending on the stage of remodelling (Fig. 10) . If untreated, profound hearing loss will develop, with surgical management geared to improvement of conductive hearing loss [47, 50, 54] .
Cholesteatoma
Cholesteatoma is a misnomer as it contains no "cholesterol" and it is not a true "neoplasm" [55] . However, it simulates a neoplasm clinically with a propensity to destroy surrounding tissues (including bone) and to recur after excision. Due to negative pressure and Eustachian tube dysfunction, there is an accumulation of desquamated keratin, which results in obstruction. Trapped bacteria cause infection, resulting in increased inflammatory cells, with release of cytokines, causing epithelial proliferation. Collagenase production by the squamous epithelium causes bone destruction [56] [57] [58] [59] . The cystic cavity is filled with keratinous debris, lined by keratinizing squamous epithelium, which is abnormal in this site. Acquired and congenital forms of cholesteatoma are recognized. There are about 15 cases/100,000 in the population, with a slight male predominance. Congenital forms affect male infants, with acquired forms affecting mainly young adults [58, 60] . Acquired cholesteatoma is usually due to recurrent otitis media, which may result in a perforated ear drum (tympanic membrane) [61] . Patients present with hearing loss associated with a foul-smelling discharge. Destruction of middle and inner ear structures brings about vestibular dysfunction, facial nerve paralysis and potential intracranial complications. Imaging studies are essential to the diagnosis (Fig. 11) , with computed tomography and magnetic resonance imaging complimentary studies [62, 63] . The samples contain flakey, white keratinous debris with soft tissue and bony fragments (Fig. 11) . Three components are necessary for the definitive diagnosis: (1) keratinous debris; (2) stratified squamous epithelium with a prominent granular layer; and (3) inflamed granulation or fibrous tissue (Figs. 11, 12 ). The squamous epithelium is cytologically bland, atrophic and generally lacking rete pegs [56, 58, 64] . Concurrent findings may be seen, including cholesterol granuloma, aural polyps, tympanosclerosis, and middle ear adenoma (Fig. 12) [65] . Surgery is the treatment of choice, although recurrence is high, requiring long term follow-up.
Entities Excluded
A number of entities were removed from the middle ear and inner ear section, including cholesterol granuloma, Schneiderian-type papilloma, inverted papilloma, choristoma (salivary gland or glial), Paget disease of bone, microneuroma, neurofibromatosis 2, lipoma of the internal auditory canal, hemangioma, hematolymphoid tumors, Langerhans cell histiocytosis, and secondary tumors. While some of the lesions are covered in more detail elsewhere in the book, some of the entities are not neoplasms and were thus excluded as specific sections, including only as part of the differential diagnosis discussion. 
